Study Design. Prospective imaging study. Objective. To clarify the frequency of positional vertebral artery (VA) occlusion using duplex ultrasonography in patients with rheumatoid arthritis (RA). Summary of Background Data. Some patients with upper cervical RA develop thromboembolic stroke related to positional and transient VA occlusions; however, whether RA patients have positional VA occlusion without neurological symptoms is unclear. Methods. Outpatients with RA were enrolled. Clinical data were collected, and radiograph examinations were performed to measure the anterior atlantodental interval (AADI), the posterior atlantodental interval (PADI), and the Ranawat method. Patients underwent duplex ultrasonography during rotation to the contralateral side of the examination side, flexion, and extension of their neck. If positional VA occlusion was detected, CT angiography was conducted in the neutral position and in the same position that showed VA occlusion on duplex ultrasonography. Clinical and radiological data were compared between the VA occlusion (VAO) group and the non-VAO group. Sensitivity-specificity curve analyses were performed to clarify optimal threshold values of AADI, PADI, and the Ranawat method for predicting positional VA occlusion. Results. Of the 132 RA patients, dynamic duplex ultrasonography showed positional VA occlusion in eight (6%) patients. Patients in the VAO group had a greater AADI (median, 7.4 vs. 2.3 mm; P < 0.001), a shorter PADI (median, 13.7 vs. 19.6 mm; P ¼ 0.002), and a lower Ranawat value (median, 13.7 vs. 16.8 mm; P ¼ 0.006) than those in the non-VAO group. Cut-off values of AADI, PADI, and the Ranawat method for predicting positional VA occlusion were 6.5, 14.0, and 15.5 mm, respectively. Conclusion. A subset of RA patients developed positional VA occlusion associated with cervical spine involvement.
U
pper cervical rheumatoid arthritis (RA), which causes laxity of the ligamentous complex, is one of the common radiological presentations of RA. 1 In general, it is crucial that patients have neurological symptoms associated with injury of the spinal cord or the brain stem because they might have not only a poor neurological prognosis, but also sudden death. Some patients with upper cervical RA develop thromboembolic stroke caused by positional and transient vertebral artery (VA) occlusions at the atlantoaxial junction. [2] [3] [4] [5] [6] [7] Their positional VA occlusions were mostly revealed by cerebral angiography and computed tomography (CT) angiography. [2] [3] [4] [5] In some case studies, duplex ultrasonography while rotating, flexing, and extending the patients' necks noninvasively demonstrated positional VA occlusion. 6, 7 It is unclear whether patients with upper cervical RA have positional VA occlusion without neurological symptoms. The aim of this study was to determine the frequency of positional VA occlusion in patients with RA using duplex ultrasonography.
From the
Between April 2011 and March 2012, RA patients in the rheumatology and the orthopedic clinics of our hospital who underwent duplex ultrasonography were consecutively included. Clinical symptoms that may be associated with atlantoaxial instability, such as vertigo, neck pain, syncope, and crepitus during neck rotation were elicited. The following patient characteristics were recorded: age, sex, previous ischemic stroke, vascular risk factors (hypertension, diabetes mellitus, hyperlipidemia, and smoking), and duration of RA. Hypertension was defined as the use of antihypertensive agents, a systolic blood pressure more than 140 mm Hg, or a diastolic blood pressure more than 90 mm Hg. Diabetes was defined as the use of oral hypoglycemic agents or insulin, or a glycosylated hemoglobin level more than 6.5%. Dyslipidemia was defined as the use of antihyperlipidemic agents or a serum cholesterol level more than 220 mg/dL. Smoking was defined as having smoked cigarettes within the last 5 years. Patients underwent duplex ultrasonography, radiograph, and brain magnetic resonance (MR) imaging within a week. If patients were suspected to have positional VA occlusion on duplex ultrasonography ( Figure 1A -C), they underwent contrast-enhanced CT angiography in the neutral position and in the same position of suspected VA occlusion on duplex ultrasonography ( Figure 1D ). The study was approved by the institutional review board at the Nagasaki University Hospital (Nagasaki, Japan).
Duplex Ultrasonography
Duplex ultrasonography using an ultrasound unit (ProSound a10; Aloka; Tokyo, Japan) with a linear array transducer (4 -13 MHz) was performed by an experienced sonographer (Y.T.) who was blinded to patients' background characteristics, clinical symptoms, radiograph findings, and MR imaging findings. The pulse repetition frequency was adjusted to 4.34 KHz, and the cutoff of the wall filter was 88.97 Hz. All sonographic examinations were performed while the patients were lying in the supine position. The color gain was adequately adjusted to avoid artifacts. The flow velocity was obtained between the transverse process at the C3 -4, C4 -5, or C5 -6 level of the cervical spine. A 2 to 3 mm range-gated and pulsed Doppler sample size was set with an appropriate angle (less than 608) between the Doppler beam and the VA. To evaluate positional and transient VA occlusion, patients underwent duplex ultrasonography during rotation to the contralateral side of the examination side, with flexion and extension of their neck. Distal VA occlusion was defined as enddiastolic flow velocity of 0 cm/s. 8 
Radiograph
The anterior atlantodental interval (AADI) was measured on a lateral radiograph from the posterior aspect of the anterior ring of C1 to the anterior aspect of the dens. The posterior atlantodental interval (PADI) was measured from the posterior aspect of the dens to the anterior aspect of the C1 lamina. The Ranawat value was evaluated on the lateral plain radiograph and was measured by drawing a line from the pedicles of C2 superiorly along the vertical axis of the odontoid until it intersected a line connecting the anterior and posterior arches of C1. 9 
Brain MR Imaging
Brain MR imaging was performed to detect silent brain infarcts in the posterior circulation, defined as lesions with cerebrospinal fluid-like signal intensity. 10, 11 Brain MR imaging studies were performed using a commercially available echo planar instrument on a 1. 
Contrast-Enhanced CT Angiography
Patients who had positional VA occlusion were scanned from the aortic arch to the head using a 64-multidetector CT angiography scanner (Aquilion 64; Toshiba Medical Systems, Otawara, Japan). The patients underwent CT angiography in the neutral position and in the same position in which VA occlusion was suspected on duplex ultrasonography. Radiation parameters were 300 mA, 120 kV, a matrix of 512 Â 512, a field of view of 15 cm, a section thickness of 0.5 mm, and a pitch of 1.0. The acquisition time was 11 to 13 seconds. Unenhanced and contrast-enhanced helical scans of the VA were obtained. Patients were instructed to hold their breath with inhalation during scanning. Intravenous contrast (Iohexol, Omnipaque 350; Daiichi-Sankyo Co., Tokyo, Japan) was administered using a double power injector (Dual Shot; Nemoto Kyorindo Co., Tokyo, Japan) and a 20-gauge intravenous catheter inserted into the antecubital vein. The injection rate was 3.5 mL/s, for a total volume of 100 mL, followed by a saline chaser of 60 mL.
Analysis
Clinical and imaging baseline parameters were compared between the VA occlusion (VAO) and non-VAO groups using the Mann-Whitney U test to analyze numerical variables and Fisher exact test to analyze categorical variables. The data were presented as medians (interquartile range [IQR]) or frequencies (%). Receiver operating characteristic curve analyses were performed to clarify the cut off values of AADI, PADI, and the Ranawat method for predicting positional VA occlusion. Each of the cut-off values of these parameters was regarded as the value that gives a maximum sum of sensitivity and specificity. Results were considered significant when the P value was less than 0.05. All analyses were performed using IBM SPSS software for Mac, version 22 (SPSS Inc., Chicago, IL, USA).
RESULTS
A total of 132 RA patients were included in this study. Of these, 111 patients were female (84%), with a median age of 64 years (IQR 54-70 years) and a median duration of RA of 10 years (IQR 4-15 years). Ninety-two patients (70%) underwent MRI. Dynamic duplex ultrasonography showed positional VA occlusion in eight (6%) patients. The VA occlusions were detected during neck rotation to the contralateral side of the examination side in seven patients, and with neck extension in one patient. Of these eight patients, CT angiography with neck movement demonstrated that their VAs were pinched between the posterior rim of the transverse foramen of C1 and the transverse process of C2, except for the VA of one patient, which was stretched at the sulcus for the VA. Four patients developed VA occlusion, and the others showed VA stenosis. All patients had no complaints during the examinations with neck movement.
The results of univariate analyses are shown in Table 1 . Patients in the VAO group had a greater AADI (median, 7.4 vs. 2.3 mm; P < 0.001), a shorter PADI (median, 13.7 vs. 19.6 mm; P ¼ 0.002), and a lower Ranawat method value (median, 13.7 vs. 16.8 mm; P ¼ 0.006) than those in the non-VAO group. The duration of RA (median, 12 vs. 9 years; P ¼ 0.354), age (median, 66 vs. 64 years; P ¼ 0.587), and prevalence of symptoms were similar between the VAO group and the non-VAO group.
Receiver operating characteristic curve analyses provided the optimal threshold values of the AADI, PADI, and Ranawat method for predicting positional VA occlusion. The optimal threshold values were 6.5 mm (area under curve [AUC], 0.902; P < 0.001), 14.0 mm (AUC, 0.832; P ¼ 0.002), and 15.5 mm (AUC, 0.789; P ¼ 0.006), respectively ( Figure 2) . The sensitivity and specificity were 89% and 89% for AADI, 86% and 75% for PADI, and 73% and 75% for the Ranawat method value.
DISCUSSION
In the study population, the prevalence of positional VA occlusion was 6% for patients with RA. In all these cases, AADI was greater than 5.0 mm. This was the first study to investigate how many patients with RA had positional VA occlusion. Patients with a wider AADI, a narrower PADI, and a lower value of the Ranawat method, which indicated instability of the cervical spine developed positional VA occlusion. Precise evaluation of radiographs is often difficult, due to odontoid erosion, osteopenia, anatomic variations, and bony overlap. For instance, the AADI may paradoxically decrease and become fixed with continued cranial settling. 12 Nevertheless, we can use these measurements complementarily to detect patients who need to be evaluated for positional VA occlusion.
Although radiograph findings correlated to upper cervical RA were associated with the VAO group, symptoms probably related to upper cervical RA did not show significant differences between the two groups. Loeb et al 13 noted that common symptoms of the vertebrobasilar artery system in patients with upper cervical RA were posterior headache, vertigo, nausea, vomiting, dysarthria, and facial numbness. In most cases, VA compression caused by neck rotation does not affect the appearance of neurological symptoms owing to collateral flow from the contralateral VA and the anterior circulation via the posterior communicating artery. The results of the present study implied that there were unidentified upper cervical RA patients with positional VA occlusion.
It was not possible to prove the association between old infarction in the area of the posterior circulation and positional VA occlusion. There have been some case studies that RA patients had developed ischemic stroke in their posterior circulation. [2] [3] [4] [5] [6] [7] Saito et al 14 showed a mobile mural hematoma at the VA occlusion site on head rotation in a patient with atlantoaxial subluxation, which may also develop in a subset of upper cervical RA patients with positional VA occlusion. The cause of the infarction in RA patients with rotational VA occlusion may be artery-to-artery embolism instead of hemodynamics. If an RA patient has severe cervical spine instability demonstrated on radiograph examinations, duplex ultrasonography should be performed while moving the patient's neck.
Duplex ultrasonography was used to detect positional VA occlusion, and CT angiography was used for confirmation of the occlusion site. Although CT angiography could prove positional VA occlusion in half of the patients who showed an end-diastolic flow velocity of 0 cm/s on duplex ultrasonography, the others were demonstrated to have VA stenosis at the site of C1/C2 and the sulcus for the VA. The results may depend on the degree of neck rotation and extension. Three-dimensional CT angiography has been shown to have advantages in the detection of an abnormal VA course at the craniovertebral junction. 15 In the present study, CT angiography could disclose affected VA lesions; however, it is difficult to prove positional VA occlusion correctly in a single-contrast imaging study. Although cerebral angiography has several advantages, that is an invasive and risky procedure. 16 Duplex ultrasonography noninvasively demonstrates positional VA occlusion by detecting reduced blood flow in various positions. 5, 7 This study indicated that a combination of duplex ultrasonography to determine the head position that induced VA occlusion and CT angiography to confirm the affected lesion was an efficient strategy.
This study had some limitations. First, there was no information on therapy and disease activity of RA. Biological agents prevented newly developed cervical lesions in patients with RA but failed to abrogate the progression of already existing cervical lesions. 17 A nationwide study found that RA patients requiring cervical spine surgery had higher disease activity 18 ; however, we may use information about the duration of RA as a substitute for disease activity. Second, the sample size of this study was small, which may result in type two error. Finally, we have not presented information whether surgical treatment should be performed in patients with positional VA occlusion. If patients have positional VA occlusion with or without symptoms, they may be eligible for surgical treatment to prevent future ischemic stroke due to artery-to-artery embolism.
14 Although decompression the VA or fusion of the atlantoaxial joint may usually be considered in these patients, [19] [20] [21] one case study has reported that stent placement in the affected part of the VA may have been a feasible option. 22 To preclude overlooking positional VA occlusion, we may have to perform duplex ultrasonography in RA patients with around 5 mm of AADI.
CONCLUSION
A subset of RA patients developed positional VA occlusion associated with cervical spine involvement. The VA occlusion does not seem to correlate with symptoms. Further study is warranted to identify patients eligible for surgical and medical treatment using duplex ultrasonography.
Key Points
Dynamic duplex ultrasonography showed that 8 of 132 patients with rheumatoid arthritis developed positional vertebral artery occlusion. Severe upper cervical rheumatoid arthritis proven by X-ray was associated with positional vertebral artery occlusion. Cut-off values of the anterior atlantodental interval, posterior atlantodental interval, and the Ranawat method for predicting positional vertebral artery occlusion were 6.5, 14.0, and 15.5 mm, respectively. Future studies to identify eligible patients for surgical and medical treatment using duplex ultrasonography are recommended.
